To prolong the shelf life postharvest jujube, the effect of carbon monoxide (CO) 
INTRODUCTION 2.2. Fruit Treatment
According to screening experiment, the jujubes were fumigated at 0.5, 1, 1.5 and 2 h with 10 μmol L -1 CO, and the jujubes treated with 1 hour showed the best effect. In formal experiment, the jujubes were fumigated with CO gas at different concentrations (5, 10, 20, or 40 μmol L -1 ) for 1 h under ambient temperature (about 20 ± 2℃). Approximately 3 kg of jujubes was placed in a glass container 40 cm in height and diameter, and then sealed with a lid. CO gas was injected into the glass container through a port in the lid. Jujubes not fumigated with CO gas were also sealed in a glass container for 1 h to serve as control samples. After treatment, all samples were placed in plastic bags. The bags were no holes and the humidity was controlled through adjusting the size of opening. And the relative humidity was measured using hygrometer (G337, Mingle Metal Company, Shenzhen, China). All the samples were stored under ambient temperature with 85% relative humidity. The reactive oxygen species including O2 • − and H2O2 and their related metabolism enzymes containing SOD, POD and CAT of the jujubes were measured periodically.
Determination of Malonaldehyde (MDA) Content and Membrane Permeability
MDA (Malonaldehyde) was measured essentially as described previously (Xing et al., 2008) .
Membrane permeability was assayed according to the method of Duan et al. (2011) . In the experiment, pericarp discs were taken from the equatorial region with a cork borer (10 mm in diameter).
Determination of Hydrogen Peroxide H2O2 and O2
• − Content
The endogenous H2O2 level was assayed according to the modified method described previously by Goraj et al. (2012) . And the superoxide anion (O2 • − ) was determined as described by Kan et al. (2011) .
Determination of Related Enzyme Activities
Superoxide dismutase (SOD) activity was assayed with a modified method (Zhao et al., 2009) .
Peroxidase (POD) activity was analyzed using a modified method (Yang et al., 2009) . And catalase (CAT) activity was determined using the method described by Garcı´A et al. (2007) .
Statistical Analysis
The data were analyzed using the DPS7.05 statistical software with ANOVA. The number values were the means ± standard error of three replicates. Mean separations were performed with the Tukey's test; the probability indicating statistical significance was P < 0.05. with 10 μmol L -1 CO-treatment was 32.55%, which was 28.18% lower than the control (45.32%).
Similarly to the relative membrane permeability, an increase in MDA content was showed in al., 2010). Since treatment with 10 μmol L -1 CO was shown to be optimal in anti-senescence and cell oxidative damage of jujube during storage, it was used in all subsequent experiments.
O2
• − and H2O2 Fig-2 . Effect of CO fumigation on O2 -. content (A) and H2O2 content (B) of postharvest jujube.
Each point represents the mean value ± SD.
As described in Figure 2 A, CO treatment significantly impaired O2 • − generation after the fruit were treated for 5 days (P＜0.05). On day 30, O2 • − content in the 10 μmol L -1 CO treated fruit only was 1.13 μg g -1 , lower 39.27% than the control (1.86 μg g -1 ). Similarly, the increase of H2O2 content in the fruit was inhibited after CO treatment (Figure 2 B) , but the maximum value of H2O2 content emerge after 20 days at room temperature both in control and in CO-treated fruit. CO significantly decreased the H2O2 generation of jujube fruit after treated for 5 days and lasted for 30 days. 
DISCUSSION
As is known to all, the research and application of CO in storage technology mainly center on preventing discoloration of meat. Studies showed treatment with exogenous CO may postpone the senescence of plant leaf and cut-flower, prolong the shelf life of cut rose . Zhang et al. (2013) also found that CO may restrain the browning of fresh cut lotus during the storage time, and extend its shelf life. In our previous study, we found that fumigating jujubes with 10 μmol L -1 CO for 1 h could restrain the browning and decay of postharvest jujubes during the storage time, maintain the jujube quality, and postpone the shelf life (Zhang and Li, 2014) , however, the mechanism is not clear. The results in the paper showed that CO fumigation might restrain the MDA increase of fruit tissue and postpone the enhancement of membrane permeability. After fumigation, the protective enzyme activities including SOD, CAT and POD were also maintained higher level. Thus, the accumulation of active oxygen such as O2 • − and H2O2 was restrained during the storage time, and accordingly the senescence of postharvest jujubes was delayed.
As for higher plants, the breakdown of cell wall components and membrane disruption indicate the senescence degree, leading to cellular decompartmentation and tissue structure loss.
It is demonstrated that active oxygen species (AOS) are largely involved in the process of ripening, particularly in membrane deterioration (Rogiers et al., 1998) , since increased AOS levels in fruit during the ripening process not only are to alter membrane integrity, but also react with unsaturated fatty acids causing lipid peroxidation (Lacan and Baccou, 1998) . ROS accumulation could cause oxidative damage to lipids and form toxic products such as MDA, which is a secondary end product of polyunsaturated fatty acid oxidation. Therefore, MDA content is usually an indicator of the degree of plant oxidative stress. Our results indicated that treating jujube with low concentration CO at 5 or 10 μmol L -1 might restrain the enhancement of membrane permeability and increase of MDA content, but a contrary effect appeared when treating jujube with high concentration CO at 20 and 40 μmol L -1 .
The cytotoxic and cytoprotective effects of CO in animals have been demonstrated, at least partially, that were dependent on the concentration applied as well as on the availability of iron or copper (Piantadosi, 2002) . Similarly in plants, it has been agreed that CO in high concentrations normally inhibits plant growth and development (Xu et al., 2006) . We further deduced that applications of CO gas dose-dependently alleviated the loss of membrane integrity and membrane lipid peroxidation during fruit senescence. Ling et al. found that low concentration of Hematin, CO releaser/donor (0.01 and 0.001 μmol L -1 ) prolonged vase life of cut rose, while high concentration (0.1 μmol L -1 ) resulted in the opposite effect suggesting the dual role of CO in plants. Therefore, we presumed that exogenous CO treatment with optimum concentration may restrain the enhancement of membrane permeability during the senescence of plant tissue, maintain cell membrane integrity, and prevent the MDA accumulation induced by lipid peroxidation. The result was similar to Ling et al. (2006) .
Another possibility is that generation of ROS, such as H2O2, and O2 • − contributes to accelerated senescence as it is well known that there is an increase of reactive oxygen species during senescence. Overproduction of ROS, in turn, up-regulates the synthesis of enzymes that degrade ROS and prevent damage induced directly or indirectly by ROS . CO treatment of jujube results in lower H 2 O 2 and O2 • − content and enhances the activities of antioxidative enzymes such as CAT, SOD, and POD. These enhanced activities maybe helpful in scavenging accumulated ROS and play a partial role in protecting cellular functions required to prevent senescence.
Carbon monoxide, a small diatomic gas, is low water solubility. Not similar with NO, CO is a stable non radical molecule and does not alternate between different redox species (García-Mata and Lamattina, 2013) . Consequently, CO could not directly react with ROS of plant tissue to reduce the harm produced by the excessive amounts of ROS such as H2O2 and O2 • − . Interestingly, recent investigations have also found that CO plays an important role in relation to plant development and responds to many abiotic and biotic stresses. CO has been found to be efficacious to prolong vase life of fresh cut rose through regulating antioxidative metabolism . Recently, CO has been highly appreciated for its dominant propensity to bind to the reduced centers of transitional metals in heme-containing proteins (such as guanylate cyclase and cytochrome c oxidase) (Pun et al., 2010) . Since CAT and POD is a heme-containing protein, we could speculate that CO increaseed CAT and POD activities in this way.
It is reported that treatment with exogenous CO might increase the activities of CAT and SOD through enhancing the gene expression of CAT and Cu/Zn-SOD, thus restraining the excessive production of ROS (Huang et al., 2011) . The result of Meng et al. (2011) suggested that exogenous CO could suppress the oxidative damage induced by Hg toxicity via heightening the activities of SOD, CAT and POD. In addition, several studies indicated that heme oxygenase（ HO）widely existing in plants had the oxidation resistance function as well (Santa-Cruz et al., 2010) . Exogenous CO might induce the HO gene expression of plant tissue, and then increase HO activity. Accordingly, the various biotic and abiotic stresses were decreased (Han et al., 2008) .
CONCLUSIONS
In conclusion, a little of CO could exhibit positive physiological effect on controlling senescence of winter jujube during storage. The study further showed that fumigating jujube fruit with CO could reduce increase of MDA content and the relative membrane permeability, effectively inhibit oxidative damage to lipids, decrease H2O2 and O2 • − content and maintain high activities of SOD, CAT and POD. Thus, it is suggested that exogenous CO treatment might delay the jujube fruit senescence by regulating active oxygen metabolism. 
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